Background
In October 1999, we began to measure the effect of a single round of screening by testing for human papillomavirus (HPV), cytologic testing, or visual inspection of the cervix with acetic acid (VIA) on the incidence of cervical cancer and the associated rates of death in the Osmanabad district in India.
Methods
In this cluster-randomized trial, 52 clusters of villages, with a total of 131,746 healthy women between the ages of 30 and 59 years, were randomly assigned to four groups of 13 clusters each. The groups were randomly assigned to undergo screening by HPV testing (34,126 women), cytologic testing (32,058), or VIA (34,074) or to receive standard care (31,488, control group). Women who had positive results on screening underwent colposcopy and directed biopsies, and those with cervical precancerous lesions or cancer received appropriate treatment.
Results
In the HPV-testing group, cervical cancer was diagnosed in 127 subjects (of whom 39 had stage II or higher), as compared with 118 subjects (of whom 82 had advanced disease) in the control group (hazard ratio for the detection of advanced cancer in the HPV-testing group, 0.47; 95% confidence interval [CI] , 0.32 to 0.69). There were 34 deaths from cancer in the HPV-testing group, as compared with 64 in the control group (hazard ratio, 0.52; 95% CI, 0.33 to 0.83). No significant reductions in the numbers of advanced cancers or deaths were observed in the cytologic-testing group or in the VIA group, as compared with the control group. Mild adverse events were reported in 0.1% of screened women. I n developing countries, there is a lack of effective screening programs for cervical cancer. In these countries, no clinically significant reduction in the incidence of cervical cancer has occurred during the past three decades. [1] [2] [3] [4] In developed countries, by contrast, there has been a major decline in cervical-cancer mortality after the introduction of large-scale cytologic testing. The limited success of such screening in developing countries has stimulated evaluation of testing for human papillomavirus (HPV) and visual inspection of the cervix with acetic acid (VIA).
In October 1999, we initiated a cluster-randomized, controlled trial to evaluate the effectiveness of a single round of HPV testing, cytologic testing, or VIA in reducing the incidence of cervical cancer, as compared with a control group that received usual care in a previously unscreened, highrisk population in the Osmanabad district in the state of Maharashtra, India. 5 We report the cervical-cancer incidence and mortality in the four groups after 8 years of follow-up.
Me thods

Study Design
The study design and methods have been described in detail previously. 5 The scientific and ethical review committees of the International Agency for Research on Cancer (IARC) and the Tata Memorial Centre (TMC) and the Nargis Dutt Memorial Cancer Hospital (NDMCH) reviewed and approved the protocol. Clusters of villages consisting of a total of 497 villages in the Osmanabad district that had a primary health care center constituted the randomization unit. A statistician at the IARC who was not involved in the project randomly assigned 52 such clusters to four groups consisting of 13 clusters each. The groups were randomly assigned to receive screening by HPV testing, cytologic testing, or VIA or to receive standard care (control group). Although both practitioners and subjects were aware of study-group assignments, the blinded outcome assessment was performed by cancerregistry personnel in the Osmanabad district. The study was initiated in January 2000, and the results reported here are based on follow-up through December 31, 2007. The study was supported by the Bill and Melinda Gates Foundation through the Alliance for Cervical Cancer Prevention.
Subjects
Eligible women were between the ages of 30 and 59 years, were healthy, were currently or had been married, and were not pregnant. All the women had an intact uterus with no prolapse, had no history of cervical cancer, and were living in the study clusters. The women were identified with the use of household surveys. After explaining the study and obtaining written informed consent, female health workers interviewed the women in each of the four study groups with respect to sociodemographic and reproductive characteristics, using a structured questionnaire. They also instructed all the women about the causes of cervical cancer, signs and symptoms, prevention, early detection, and treatment.
Women in the 13 control clusters were not offered screening but were advised on how to seek screening at local hospitals. Women in the clusters who were assigned to screening were given a card indicating the date, time, and place of screening.
Training
Screening was performed by nine auxiliary nursemidwives who were trained in a 3-week course with the use of IARC manuals in the collection of cervical cells for HPV testing and cytologic testing and in performing VIA and cryotherapy. 6, 7 Nine doctors were trained to supervise the auxiliary nurse-midwives and to perform colposcopy, cryotherapy, and the loop electrosurgical excision procedure (LEEP). 5, 7 Two pathologists reviewed the reporting of cervical neoplasms at the TMC. The technicians who were responsible for processing and reading Papanicolaou smears, processing biopsy specimens, and testing for HPV using the Hybrid Capture II test (Qiagen) were trained for 3 months at the TMC.
Screening, Diagnosis, and Treatment
Women were screened in village clinics that were organized in local primary health centers, municipal offices, or schools. The screening process, investigations, and treatments were explained to the women.
In the HPV-testing group, cervical samples, collected in a special transport medium, were processed with the use of the Hybrid Capture II assay for 13 high-risk HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) on the basis of the manufacturer's instructions. A positive result was recorded for specimens with a ratio of the relative light unit to a positive control (RLU/PC) of 1 or more, corresponding to 5000 or more viral copies. In the cytologic-testing group, cervical cells were collected with the use of Cervex brushes, and the smears were processed at NDMCH and reported according to the 1991 Bethesda system. 8 Results for women with atypical squamous cells of uncertain significance or higher-grade lesions were defined as positive. In the VIA group, women with well-defined, dense aceto-white lesions in the cervix, close to the squamocolumnar junction or the os, or aceto-whitening of a cervical growth 1 minute after the application of 4% acetic acid were categorized as VIA-positive. 5, 6 Subjects in this group underwent immediate colposcopy and directed biopsies from abnormal areas by a physician in the field clinic and were given appointments for treatment at the NDMCH. Results of HPV testing or cytologic testing were delivered to the subjects within 2 weeks after testing, and those with positive tests were given appointments for colposcopy, biopsy, and treatment.
Women with a positive screening test were evaluated by means of colposcopy, and doctors reported the results as normal findings, inflammation, probable low-grade or high-grade precancerous lesions, or invasive cancer. 7 The colposcopic findings were explained to the women, and punchbiopsy specimens were obtained from abnormal areas. Biopsy specimens were processed at the NDMCH and reported according to typical terminology regarding cervical intraepithelial neoplasia (CIN) grade. 9 Women with colposcopic findings of low-grade or high-grade lesions were offered immediate cryotherapy after the directed biopsy, if all the following criteria were met: the lesion could be covered by the cryoprobe and involved three quadrants or less of the cervix with no extension into the endocervix or vaginal walls, the squamocolumnar junction was fully visible, and there was no suspicion of invasive cancer. LEEP or conization was offered to women with CIN lesions that were unsuitable for cryotherapy. Women with CIN grade 2 or 3 lesions were brought back for cryotherapy or LEEP. Women with suspected invasive cancer were referred to the NDMCH or to the hospital of their choice for investigations and treatment with surgery, radiotherapy, or both.
Quality Assurance
Provider competency was maintained by medical supervision in the field and by periodic refresher courses to monitor their performance, along with rates of positive results on screening, correlation between colposcopy and histologic findings, and positive predictive values for CIN. 5 Internal and external quality-control measures were in place for colposcopy and pathological analysis. 5
Outcome Measures
The primary outcomes were the incidence of cervical cancer and associated rates of death. Secondary outcomes included stage distribution according to the International Federation of Gynecology and Obstetrics (FIGO) staging system 10 and survival and case fatality rates. Cancer-registry staff members who were unaware of study-group assignments collected data on the date of diagnosis, stage, treatment, and follow-up details for subjects with cervical cancer, using active case-finding methods. 11 Information on all deaths among the subjects was collected from the district deathregistration offices, hospital records, and annual house visits. The cause of death for each subject with cervical cancer in the district was assessed by the cancer-registry staff after evaluation of data from hospital records, death certificates, house visits, and interviews of relatives or friends. The screening-project staff then matched the subjects who had incident cervical cancer and those who died with the study database.
Statistical Analysis
The study was designed to have a power of 80% to detect a 50% reduction in the cumulative rate of death from cervical cancer within 15 years after enrollment in one of the intervention groups, as compared with the control group. The death rate from cervical cancer in women between the ages of 30 and 59 years was assumed to be around 20 per 100,000. We assumed that clusters consisting of an average of 2500 women would provide about 25,600 person-years of observation after 15 years (assuming a yearly dropout rate of 2.5%). Taking into account the effect of the intracluster correlation, we assumed a coefficient variation of 0.3 -in other words, the true rates of death from cervical cancer in the control group would vary between 8 and 32 per 100,000. Since this assump-tion led to a design effect of 1.38, we needed to randomize at least 13 clusters in each study group. 12 The sample-size requirement was satisfied, since each group involved 13 clusters of an average of 2744 women. A P value of less than 0.05 was considered to indicate statistical significance.
Data were entered in an ACCESS database and analyzed with the use of a Stata software package, version 10.0. Analysis was performed according to the intention-to-treat principle: all eligible women in the randomized clusters were included, regardless of their participation in interviews or screening visits. Since the trial used a cluster design, analyses of household and individual characteristics were performed with the use of the cluster as the unit of analysis. Comparisons of cluster proportions or means of household and individual characteristics within the four study groups were performed with the use of the Kruskal-Wallis rank test. Multivariate analysis of the primary outcomes of cervical-cancer incidence and associated mortality was performed with the use of Cox proportional-hazards regression, taking into account the cluster design and with adjustment for age.
The subjects' participation in screening and treatment, rates of positivity on screening, positive predictive values, CIN grades, and cancerdetection rates and stage distribution were calculated as proportions. For the calculation of the incidence of cervical cancer, the numbers of person-years in the intervention groups and the control group were estimated from the date of the study initiation (January 1, 2000) to the date of diagnosis, death, migration, or last follow-up visit, whichever occurred first; for rates of death, the number of person-years was calculated from the time of study initiation to the date of death, migration, or last follow-up visit, whichever occurred first. Data were censored on December 31, 2007.
R esult s
Subjects
Of the 131,806 eligible women, 60 died or migrated before the study began; thus, complete data were available for 131,746 eligible women (Fig. 1) . The study groups were equally distributed in terms of household type, religion, education, occupation, marital status, and number of pregnancies (Table 1). Only eight of the eligible women had undergone previous cervical screening.
Screening and Detection Rates of CIN
Screening was initiated in January 2000 and was completed by April 2003. higher in the VIA group than in either the HPVtesting group or the cytologic-testing group (P<0.001 for both comparisons). The detection rates of CIN grade 2 or 3 lesions and invasive cancer were similar in the three intervention groups (P = 0.06 for CIN grade 2 and P = 0.16 for CIN grade 3 for all comparisons). CIN grade 2 or 3 lesions were detected in 245 women in the HPVtesting group, 262 women in the cytologic-testing group, and 195 women in the VIA group. The positive predictive value for detecting CIN grade 2 or 3 lesions was 11.3% in the HPV-testing group, 19.3% in the cytologic-testing group, and 7.4% in the VIA group. The numbers of subjects with CIN grade 1 lesions who underwent treatment were 197 of 603 (32.7%) in the HPV-testing group, 214 of 476 (45.0%) in the cytologic-testing group, and 555 of 1429 (38.8%) in the VIA group; the corresponding numbers for subjects with CIN grade 2 or 3 lesions were 216 of 245 (88.2%), 234 of 262 (89.3%), and 176 of 195 (90.3%).
Of the 31,488 eligible women in the control group, 1946 (6.2%) requested screening and were tested with cytologic testing; of these subjects, 15 CIN grade 2 or 3 lesions were detected, and 41 subjects had invasive cancer (18% in stage I and 58% in stage III).
Cervical Cancer Incidence and Mortality
The numbers of cervical cancers that were detected on screening (i.e., those that were diagnosed within 3 months after positive results) were 73 in the HPV-testing group, 83 in the cytologic-testing group, and 82 in the VIA group. The numbers of subsequent incident cancers (i.e., those that were diagnosed 3 months after positive results on screening or among women who had received negative results) were 22 in the HPV-testing group, 27 in the cytologic-testing group, and 34 in the VIA group. The proportions of cancers that were detected in stage I were about 60% in the HPV-testing and cytologic-testing groups, 42% in the VIA group, and 28% in the control group (Table 3) . There were 34 deaths from cervical cancer in the HPV-testing group, 54 in the cytologic-testing group, 56 in the VIA group, and 64 in the control group (Table 3 ). The incidence rate of cervical cancer of stage II or higher and death rates from cervical cancer were significantly higher in the cytologic-testing group and the VIA group than in the HPV-testing group. In the HPV-testing group, the hazard ratio for the detection of advanced cancer was 0.47 (95% confidence interval [CI], 0.32 to 0.69) and the hazard ratio for death was 0.52 (95% CI, 0.33 to 0.83), as compared with the control group (Table 4) . During the 8-year follow-up period, invasive cervical cancer developed in 8 of 24,380 HPV-negative women, in 22 of 23,762 women who had negative results on cytologic testing, and in 25 of 23,032 women who had negative results on VIA, with age-standardized rates of 3.7, 15.5, and 16.0 cases of invasive cervical cancer per 100,000 person-years, respectively. Figure 2 shows the cumulative incidence of cervical cancer, rates of stage II or higher disease, and cumulative mortality. The cumulative incidence of advanced cervical cancer and the cumulative rate of death were lower in the HPV-testing group than in the control group, and the gap widened throughout the follow-up period. There was no significant reduction in the rate of death from any cause in the intervention groups, as compared with the control group (data not shown).
Among the women who were screened and treated, mild adverse events were reported in 123 women, and a severe adverse event of uncontrolled bleeding after LEEP that resulted in hysterectomy was reported in 1 woman.
Discussion
In our cluster-randomized, controlled trial, a screening program for the detection of cervical cancer was accomplished in a low-resource setting. Since there is little screening for cervical cancer in India, women who did not undergo screening (control group) were considered to receive the standard of care. The inclusion of this control group was approved by the IARC and Indian institutional ethics committees. The difference in the number of eligible women that were reported previously 5 and the number reported here was due to the erroneous inclusion of ineligible women in the original report and updates of data. The randomization of groups of women in clusters minimized the possibility that those assigned to one study group would receive the intervention provided to another study group.
Our study found that a single round of HPV testing was associated with a significant decline in the rate of advanced cervical cancers and associated deaths, as compared with the unscreened control group. By contrast, there was no significant reduction in the rate of death in either the cytologic-testing group or the VIA group, as compared with the control group. The age-standardized rate of invasive cancer among women who had negative results on cytologic testing or VIA was more than four times the rate among HPVnegative women, indicating a high negative predictive value associated with a negative HPV test. The reduction in the incidence of advanced cancers and deaths associated with HPV testing probably reflects the higher sensitivity of HPV testing to detect lesions with a high potential for malignant transformation than that of cytologic testing or VIA.
No reduction in the rate of cervical cancer was observed in the VIA group in our study, whereas the procedure was associated with a 25% reduction in cervical-cancer incidence and a 35% reduction in mortality in a randomized trial in South India. 13 The reason for these differences in outcomes between the two studies is unknown but may be due to the higher rate of treatment in the South Indian trial.
We found that HPV testing was the most objective and reproducible of all cervical screening tests and was less demanding in terms of training and quality assurance. In low-resource settings with no capacity for colposcopy and histopathological analysis (e.g., many countries in sub-Saharan Africa), HPV-positive women without clinical evidence of invasive cancer could receive immediate treatment, such as cryotherapy. 14 However, since most HPV infections in young women regress rapidly without causing clinically significant disease, such an approach raises a legitimate concern. Hence, HPV testing should not be used for primary screening of women under 30 years of age.
A drawback to HPV testing is that it is more expensive ($20 to $30 per test, in U.S. dollars) and time-consuming than other screening tests, and it requires a sophisticated laboratory infrastructure. A simple, affordable, and accurate HPV test HPV denotes human papillomavirus, and VIA visual inspection of the cervix with acetic acid.
(careHPV test, Qiagen) that provides results within 3 hours was evaluated in China, and its accuracy was similar to that of the Hybrid Capture II test that we used in our study. 
